This article analyses the impact of mobility on researcher productivity. We address the relationship by developing a theoretical framework based on the job-matching approach for academics and the idea that productivity is driven by capital availability and peer effects. The empirical analysis is based on the entire careers of a sample of 171 UK academic researchers, spanning from 1957 to 2005. We analyse the impact of job changes on post mobility output in 3 and 6 year periods. Contrary to common wisdom, we do not find evidence that mobility per se increases academic performance. Mobility to better departments has a positive but weakly significant impact while downward mobility results in decreasing researchers? productivity. Once we control for mobility associated with career progress, the results indicate significant strong positive impact for mobility to higher quality department. We estimated a set of alternative specifications of mobility finding evidence of an increase of productivity for mobility from industry to academia but only after an initial negative effect. In most cases mobility is associated with short-term decrease of productivity due to hypothesised adjustment costs.
Introduction
The establishment of research networks and the mobility of researchers across different countries, fields and sectors has been identified as a major policy goal in recent years. In the EU, the commitment to develop a European Research Area (ERA) also implies the promotion of "greater mobility of researchers" (EC, 2001: 1; EC, 2010: 11, 17) . National reports additionally point out the need for greater intra-national mobility and flexibility of researchers for knowledge diffusion between different institutions and sectors (e.g. CST, 2010) . These policy papers assume that scientists' mobility facilitates knowledge and technology transfer, the creation of networks and the increase in productivity. However, very few systematic studies have been carried out to measure the impact of mobility on individual productivity.
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Whether and how mobility affects researchers' productivity, the focus of this paper, has yet to be properly explored. A few academic papers have analysed spill-over and peer effects resulting from the movement of academics (Cooper, 2001; Møen, 2005; Pakes & Nitzan 1983; Zucker et al., 1998 Zucker et al., , 2002 , while very little attention has been given to the analysis of the consequences for researchers themselves, with the exception of a few papers in the sociology of science (see for example Alison and Long, 1990) . The sociology of science approached this topic much earlier and found some weak evidence of a negative impact of immobility (Hargens and Farr, 1973) and some evidence suggesting that mobility is a characteristic of productive researchers (van Heeringen and Dijkwel, 1987; Alison and Long, 1987) . Dietz and Bozeman (2005) worked on intersectorial mobility, finding weak evidence of some positive effect on productivity. Due to data availability and modelling difficulties, these studies offer only a very preliminary insight into the relationship between mobility and productivity without providing either a comprehensive theoretical framework or a full econometric modelling strategy.
In order to analyse the relationship, firstly, we develop a theoretical framework based on the jobmatching approach for academics where research and reputation factors are emphasized. Science is a social system in which opportunities for research and the symbolic and material rewards for its inquiry tend to be accumulated in few individuals and institutions (Merton, 1968) . This process leads to a structured system of production, access to resources and recognition. As in all structured systems, mobility across different levels of scientific social structure is limited. Therefore, it is possible to use this limited social mobility to check the quality and impact of the transitions. Job 1 A large number of works have been devoted to the analysis of mobility of researchers in term of brain drain versus brain gain/circulation. See, among others Meyer (2001) for a review of the literature and UNESCO (2005) for a policy oriented analysis. changes to a higher quality/reputation institution could lead to better academic performance. The idea of productivity being driven by capital availability and peer effects lead us to expect mediumterm positive effect of mobility on productivity only for job changes that imply a move to a higher quality/reputation institution. In our framework a change of job is always associated to a short term reduction of productivity due to adjustment or disruption costs.
Secondly, we perform an empirical analysis that tries to address the shortcomings of previous literature by focussing on the entire careers of a sample of mobile and immobile researchers. We estimate in a dynamic set up a series of econometric specifications of the model to assess the impact of mobility on the short to medium term productivity of researchers. Specifically we focus on the impact of job changes on the post mobility output in the 3 and 6 year intervals following job mobility, expecting an initial decrease in productivity associated with mobility costs followed by an increase only for those who move to higher reputation/quality institutions. As many factors can confound the correlation between mobility and productivity, we devote particular emphasis to qualify types of mobility as this relates to the reasons for moving. In this paper we focus on estimating model specifications that consider the rank of the sending and receiving institution controlling for the career progress associated with the mobility and the transition to and from employment in a company.
The empirical analysis is based on a unique database that includes detailed information regarding employment patterns and publishing activities of a sample of UK academic researchers since their first professional appointment, spanning the years 1957 to 2005 in science and engineering. In our sampling strategy we focus only on researchers that were in a "tenure like" position, that's to say we do not include mobility due to non renewal of the contract. Researchers that changed job decided to do so. We find no evidence that mobility per se helps to increase the productivity of researchers. Mobility to lower ranked universities is accompanied by a decrease in publication numbers while upward mobility is weakly associated with a positive increase in productivity. Only mobility to a higher ranked department associated with promotion is strongly linked to an increase in productivity. Contrary to expectations that mobility to a better position in a lower quality department would increase publication output, which is derived from policy documents, downward mobility always has a negative impact on productivity, even in the case of a job change associated with a promotion. We run a set of alternative specifications of mobility with some interesting results: mobility from industry to academia has an initial negative effect that becomes positive after a period of adjustment. 5 The remainder of this paper is organized as follows: Section 2 provides a brief review of the literature and offers a broad framework to study the impact of mobility on researcher's productivity; Section 3 presents the research design and Section 4 the results and some robustness checks; finally Section 5 concludes, discussing limitations of current modelling and future development of this research area.
What do we know of researcher productivity and mobility?
Labour market analyses based on job matching and the search theory model (Jovanovic, 1979 and Mortensen, 1986) has examined job changes in general and, more recently, in the case of scientists (Zucker, et. al, 2002) emphasizing, in the latter case, the role of productivity in explaining mobility.
However, only few systematic studies have tried to assess the other side of the relationship; whether mobility has a positive or negative impact on short term scientific productivity (Alison and Long, 1990) and no systematic evidence is provided of a causal effect between mobility and medium to long term productivity of researchers.
This papers looks at the academic labour market with the aim of examining the impact of mobility on scientific productivity based on a job-matching framework. While the importance of the phenomenon (the positive effect of mobility on productivity) has repeatedly been emphasised, 2 problems of data availability and modelling difficulties have made its systematic analysis very difficult. This paper is a first attempt to provide a comprehensive framework to model the relationship with an application to the case of a sample of UK scientists.
Mobility might assert a positive impact on productivity only if the researcher finds better conditions to pursue her research endeavour, hence she moves to a new job to increase her research performance. However, there are other reasons justifying mobility that are not related to research performance, for example, wage, family concerns, etc. To fully understand the impact of mobility on productivity we first need to understand the drivers of researchers' mobility, and then model the impact of mobility on productivity controlling for those factors that could have a confounding effect. Below, first we briefly review the main tenets of the literature on the drivers of mobility and discuss the specificities of the academic labour market (Section 2.1); second we provide a framework to model the relationship between mobility and productivity (Section 2.2).
The academic labour market
Job changes in academia are driven by traditional factors associated with any job change such as wage and search costs and by a set of academic specific factors that are related to research and reputation. Setting aside redundancy, the wage received is the single most important determinant of the choice of accepting/leaving a business job. This is not the case in the academic labour market, where other research and "reputational" factors are crucial. For academics, research (time and support) is the most important aspect of their job satisfaction entering positively in their utility function while at the same time being a work activity that produces outputs. The time spent doing research is partially perceived by academics as leisure (consumption) time, resulting in their willingness to forego higher wages available in business jobs where independent research is not pursued. Hence, academics are willing to earn less, everything else being equal, to be able to do research (Stern, 2004; Sauermann and Roach, 2011) . Another important factor in the utility function of a researcher is her reputation, which is affected by institutional reputation (to simplify we do not distinguish between department and university). A researcher values working in a highly prestigious institution because of direct benefits, such as fewer teaching obligations, more research time, higher financial endowments, etc., but also for positive externalities attached to these positions (she works there she must be good!) These are important in the market for science in which individual quality assessment is not easy, especially in the early phase of the career, and prices -publications-are not perfect carriers of information.
Depending on different institutional set ups such as the public servant role of academics in some European countries, not discussed in this paper, the academic labour market is driven by traditional labour market factors contextualized to the academic market and academic specific factors. Among the former the most important are: (1) wage related -the difference between current compensation and new wage offer (particularly relevant for a move to a business job, usually associated with a much higher salary); (2) career related -a promotion to associate or full professor usually associated with a higher salary 3 ; (3) employment opportunity related -non-permanent academic jobs are getting more common in all countries, these are associated with termination and nonrenewal resulting in involuntary mobility; (4) market related -the fluidity of the job market differs across countries and disciplinary fields and the thickness of the market varies depending on the time period; 4 (5) mobility cost related -the relevance of costs associated with mobility is not fixed and depends on previous mobility experience; 5 (6) family related reasons -partners moving, ageing parents and children's education related considerations can be common reasons for involuntary mobility and may reduce the propensity to move introducing a gender and age bias.
Academic specific factors
Academic labour market can further be explained by academic specific factors, which are the focus of this paper. We identify the three main factors. First, everything else being equal, an academic will move to a better-ranked institution (expecting benefits higher than the mobility costs), as research and reputation enters positively in her utility function. She can expect to increase performance in a higher ranked institution as there will be better capital availability, crucial in the natural and biomedical sciences, where laboratory costs are extremely high, both, in terms of equipment and human capital. She will also benefit from peer effects both through her new colleagues directly or through access to their social networks. Moreover, due to institutional reputation, she could have a higher probability of having future contractual research financed, as in the context of funding agency selection, where there are more excellent proposals than budget available, institutional reputation could matter in the final selection.
Second, especially in new and fast changing disciplines, mobility is driven by the prospect of accessing tacit knowledge and new equipment. In an early phase of development of a new discipline, knowledge is located in a small number of laboratories, where the original discoveries happened. Through publications this knowledge percolates through the university system but, especially due to the invention of new equipment (see for example the case of the production of the onco-mouse, Murray, 2011) , some knowledge remains "sticky" to a laboratory and can only be passed on through training and equipment use. Researchers are willing to bear the costs of a move to such centres to acquire the tacit knowledge held there. This can happen through short stays (such as during a sabbatical leave) or with a job change.
Third, academic mobility is strongly affected by the relative opportunity advantage. In a market with a clear reputation/quality ranking, researchers working in high rank institutions have a much lower probability of moving, everything else being equal.
The relationship between mobility and researcher's scientific productivity
The relationship between mobility and researcher's productivity is bidirectional. To model it we need to look at the probability of a job change as depending on the probability of receiving a job offer f(.), and the probability of accepting that job offer g (.) . Let us define:
In the typical search theory model, the probability of receiving an offer f(.) is likely to depend on factors such as search effort (s), and environmental (e) and individual (p) labour characteristics.
The probability of accepting an offer g(.) is likely to depend on the level of the wage offer (w)
relative to the individual's current compensation (b), and other mobility costs (c). We modify the basic model to include the academic labour market specific factor (r) that takes into account the research and reputation related effects discussed in the previous section.
The probability of receiving a job offer f(.) depends decreasingly on search effort (s). The academic profession being an intrinsically networked job, the more connected a researcher is to a densely populated network of public and private organisations the lower will be her search costs as she will be well informed about available positions. The extend of one's social network, hence, increases the researcher's probability of receiving an offer f(.). The probability of receiving a job offer f(.) also depends on environmental labour market characteristics (e) such as the existence of a strong potential demand. Potential demand in terms of flexibility and thickness of the academic market is scientific field, country and time dependent. The researcher's personal characteristics (p) (such as PhD granting institution, tenure, past publications), which could be interpreted as signalling high individual productivity, positively affect the probability of receiving a job offer f(.).
The probability of accepting an offer g(.) depends on the salary offered (w), the retention strategy of the university that can offer an increase in the salary (b) and the mobility costs (c) and all of these factors are affected by researcher's personal characteristics (p). A key determinant of the probability of accepting a job offer is the academic position of the researcher. Non-tenured researchers are more likely to accept an offer than tenured university staff as they do have non-zero probability of having a non-renewal of contract (all non-tenured positions are based on "soft" money that is time limited). The higher the academic's position and her experience in that position, the higher will be the salary in her current university. However, academic salaries tend to vary within a well defined national ladder based on experience with some limited flexibility at the top depending on the country. In the US and less so in the UK professorial salaries can vary significantly, however, in most other countries public employee contracts or tradition give little space for salary increases. This will lead in the academic labour market to a reduced effect of the salary on the probability of moving.
The probability of accepting an offer g(.) depends negatively on mobility costs (c). Mobility costs include direct personal costs of moving to another city or country and skill adjustment costs that are particularly important for high skilled jobs. If the researcher's skills are university specific (i.e. not all the routines of the academic teaching and research work will be transferable to the work in the new university and even more so for a move to a firm), she must learn new practices, protocols, routines and adjust to different management and administration procedures. Thus, a period of adjustment with lower expected efficiency may be required. Even if these skill adjustments are minor, they can be considered as sunk costs and could deter some researchers from moving. 6 This is especially true for mature academic researchers, who have invested a lot of time in accumulating the skills and reputation needed to succeed in a specific university environment. Both direct and skill adjustment mobility costs are decreasing in the number of times a researcher has moved due to learning effects. Finally, personal characteristics (p) (such as age) can affect the probability of accepting an offer due to family related consideration that can both increase or decrease mobility costs.
Past research performance is one of the personal characteristics (p) affecting directly the probability of receiving f(.) and indirectly of accepting a job offer g (.) . Researchers with a good publication track record will have better career and retention package prospects; increasing (b) and affecting g (.) . However, academic researchers who have more fertile ideas (are more productive) have a higher chance of receiving a job offer from another university as research performance is usually considered the most important criteria for selection (a conditio sine qua non). Previous research performance can be seen as signalling a high quality researcher, increasing both the probability of receiving an offer f(.) and the salary being offered (w). At the same time, according to the discussion in the previous section, the probability of accepting an offer g(.) also depends on the expected higher research performance (r) that the researcher can achieve in the new job at a higher rank institution.
We can think of a reverse causality from mobility to productivity. A change of job can have an impact on the research performance of a scientist after her move to the new one. The short to medium term (let us say a 3 to 7 year window after the change) post-mobility productivity of the researcher is affected by her reasons to move. We can elaborate that a researcher moves to a new job if the value V t+1 of her utility function is higher than the value V t before the move at time t. This can happen because of better salary (w) and other traditional job search related factors discussed above and/or because of an expected better research and reputation environment (r). Only if the job change is driven by research and reputation related motives we could expect a positive impact on the productivity of the researcher. Hence, not all types of mobility are associated with increased research productivity.
In the basic job search model the difference V t+1 -V t should be higher than mobility costs (c) for a job change to happen. Mobility costs are assumed to be instantaneous. However, mobility can be associated with significant deferred adjustment costs that can have a negative impact on the postmobility productivity as the researcher will have less time to spend on research activities due to the need to spend more time on learning tasks that could have been done more efficiently in her previous job due to knowledge of practices, protocols and routines (Shaw, 1987; Groysberg, 20081. Following the job change the researcher therefore witnesses a period of decreased productivity also associated with the setting up of the new laboratory in lab-based sciences. The length of the period and depth of the reduced productivity depends on the relevance of the adjustment costs, which in turn depend on the learning required to adjust to the new job. Job changes can therefore be associated with no change in the short to medium term scientific productivity if the reasons for moving are exclusively related to traditional job search factors and to a positive increase if mobility is driven by research and reputation reasons (r). In both cases we can expect a decrease in productivity due to adjustment costs in the short run.
But why should one expect a positive impact on productivity of the move to a better research and reputation environment? Two approaches can be framed here. The first is based on the matching model idea, the second on the increase in human (more diverse opportunities of learning) and social (better network connections) capital through mobility. The matching model predicts that researchers with high potential productivity unexploited in a lower quality department move to a higher quality department, where they can find better endowed laboratories (better equipment and more junior research staff) and hence increase their productivity. Second, a move to a better department means a move to a better research group with positive peer and network effects that increase the productivity of the researcher. Research group composition and local peer effects have been identified as important predictors of individual performance (Weinberg, 2007) , and researchers are more productive if they collocate with productive scientists. However, Kim et al. (2009) find that peereffects have diminished since the 1990s perhaps due to better communication technology (see also Ding et al. (2009) ). Working in a department with high quality peers does not only enhance productivity through direct interactions, but also through privileged access to their social network.
Moreover, mobile researchers benefit from their existing network, which they carry into the new environment (Azoulay et al., 2010; Waldinger, 2010) creating new extended networks with the potential for new combinations. It is very difficult to disentangle the matching effect from the social/human capital model as in a highly reputable department the two are present (funding for good labs and high rank peers that allow the access to better social network and better learning).
Moreover, highly reputable researchers tend to concentrate in highly ranked departments (Oyer, 2007) as they are the source of the ranking and due to a competitively based allocation of resources they are also the departments that receive most funding.
Within this framework, we hypothesise that only a move to an institution of higher quality/reputation will be associated with a medium term increase in productivity; after an initial period in which adjustment costs may constrain the productivity increase we should expect an increased research performance. If we think that scientific production is strongly affected by cumulativeness and self-reinforcement phenomena (Dasgupta and David, 1994), we could expect that an improvement in medium term productivity will be persistent and thus will affect the long term performance of researchers. Conversely, mobility to an institution of the same or lower quality/reputation level should be associated with a short term productivity decrease due to adjustment costs that can only be slightly mitigated and at best stabilized to pre-mobility (for same rank change) or lower levels of productivity in the medium to long term due to a deficiency in financial and human resources assuming that the move is associated with a similar work profile (e.g. similar teaching and administration load).
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The impact of job changes on scientific productivity is mediated by the interaction between mobility and career development. It is possible that the relationship between mobility and researchers' productivity not only changes across different types of mobility (to higher or lower quality institution) but also across the career cycle. Moreover, there may be a trade-off between career progression and quality/reputation of the institution. These relationships are important to qualify the impact of mobility on researchers' performance.
Mobility at different levels of the career (UK: lecturer, senior lecturer/reader, full professor) could result in differences in productivity growth. Mobility could have a higher impact on research performance in the early phase of a researcher's career when highest quality research is realized (Zuckerman & Merton, 1973) . Mobility in early career stages would enable researchers with unexploited productivity potential to perform at their best in a higher ranked institution having a major impact on their future performance due to the cumulative characteristic of knowledge production.
Career progression may also have an impact on researchers' productivity as, especially in the case of promotion to full professor, career steps are associated with access to more resources and larger labs resulting in higher productivity (Long & McGinnis, 1981) . A researcher may choose to move to an institution of the lower quality/reputation but in a higher career position and thereby counterbalancing the null or negative effect of downward mobility with the positive bust given through career progression. This is particularly true in the case of strategic hiring by lower ranked institutions that might offer attractive professorship positions, usually in term of salary but also in terms of teaching duties and research support, to highly qualified middle level researcher from higher ranked institutions. We further hypothesise, that a move to a higher ranked institution in a higher career position is unlikely to be achieved. Oyer (2007) confirmed for a sample of US tenured economists that the chance of an external researcher to be offered a position in a different department is lower than for a local, immobile researcher to received tenure. Similarly, Chan et al.
(2002) find that very few researchers are able to move to a higher ranked institution and that these few exceptional scientists are two times more productive than the average academic at the destination university. Thus, we can expect a better match between a talented researcher coming from a lower quality department and her new research environment resulting in a combined effect of increased access to resources and a higher ability to exploit these resources than someone hired without career promotion.
We recognize that a dynamic perspective of researchers' mobility is necessary. This would imply not seeing researchers' mobility as a one-step process but taking into account the short and long term return opportunities. Successive changes in job positions associated or not with career advancement, in/from higher rank institutions should be considered in order to assess possible return opportunities. However, the data required to estimate such a model is not currently available.
This paper is just a first step in. In the next section we present our data and, constrained by the data characteristics, the estimation model chosen. We focus on the short to medium term impact of mobility on scientific productivity of researchers providing a first attempt to test some of the predictions linked to institutional quality/reputation, controlling for a limited, but important, subset of qualifying characteristics of researchers' mobility such as career progression.
Empirical Analysis

The Sample
The empirical study is based on a sample of 171 university researchers working at 45 UK academic CV data has been found to be very useful in the analysis of academic careers as it informs about job transitions and additionally allows for the gathering of reliable publication data (Cañibano & Bozeman, 2009) . Using data collected from CVs in addition to the ISI Web of Science (WoS) improves accuracy of the data as mismatches arising from name similarities and changes in researchers' institutional affiliations can be avoided. CVs of researchers included career path information and allowed us to identify the timing and nature of job transitions.
In our analysis we focus on inter-institutional "real" labour mobility (Crespi et al., 2007) , which implies a change in job position from one institution to another. Changes in job position within the same institution are not considered (e.g. a job change in the same university to a higher position).
We also only consider changes that occur after the researcher received her first "tenure-track" position in academia or first full time position in industry after her PhD 9 . We hence limited the analysis of the influence of job mobility on researchers' productivity in this paper to either tenured In only 12 cases first position is taken up before the completion of PhD. This can happen due to appointment as academic staff before completion of PhD or due to an initial career in industry followed by a later return to academia. 10 "Postdoctoral mobility" and "job mobility" have very different patterns (Zubieta, 2009) . Post-doctoral positions may also include research fellowship positions. As the contractual relationship of these types of positions was not always clearly specify in the CVs, it was difficult to distinguish research fellowships from post-doctoral stays. In addition, the increasing number and successive post-doctoral and temporal positions prevent us from considering post-doctoral research stays as real labour mobility, as we try to "qualify" job changes. For the same reason, we do not consider collaborations as real labour mobility.
period of four years and represent independent research, i.e. are not under the direct supervision of a professor. Academics in the UK are usually hired on permanent contracts, which, in the case of lecturer appointments or research fellowships, are subject to a probation period of three years. . ( Figure 5 ). This increase could partly be due to life-cycle effects, year effects or mobility effects, which this paper attempts to measure.
Mobility, productivity and quality/reputation of the institution
The UK academic market differs from that of the rest of Europe. It is characterised by its internationality, attracting academics from across the world, and by competition amongst universities for the most promising scholars (BIS, 2011; Ziman, 1991) . Further, the four-step promotion system and race for positions at the most prestigious institutions (Hoare, 1994) make the UK system more competitive than other academic markets in Europe. There is no obligation to move after PhD completion, however, mobility barriers are very low and mobility is usually rewarded, making the UK academic labour market very fluid. Of these, 67 are job changes between UK higher education institutions.
In the theoretical part of this paper, we stressed that research and reputational factors are crucial in explaining the academic labour market. Access to resources and a better research environment provide incentives to move and are fundamental when analysing the impact of mobility on scientific productivity. Wages play a less important role in the academic labour markets and are of less concern explaining job changes, especially considering the high level of standardisation of academic salary scales. Therefore, we identify job changes to either a higher or lower quality/reputation institution. To measure esteem or prestige of universities we use the qualityweighted number of publications published by the respective organisation on WoS during the years t, t-1 and t-2. Quality or reputation is measured as a three-year moving average to smooth the distribution and was calculated for all the years 1982 to 2005. Publication counts are calculated separately for two main subject categories: (1) natural sciences and (2) engineering sciences and weighted by the average number of citations per paper divided by the average citation count for publications in the respective subject area and year. 12 Quality-weighted publication numbers should give a good picture of both the quality and the research size of a department. The measure was calculated for UK universities only and we thus have to exclude international mobility from the analysis. Researchers in our sample work at 53 different UK universities between 1982 and 2005, and 56 researchers move 67 times between these universities. Of the 53 UK universities present in the sample 47 belong to the top 50% in their field and 17 universities belong to the top 10% in the field of engineering and science. Upward mobility is defined as a move to a department producing at least 25% more quality-weighted publications than the prior department, and downward mobility as a move to a department producing at least 25% fewer quality-weighted publications. In our 12 The data has been compiled by Evidence, Thomson Reuters. sample, 25 academics are able to move 27 times to a more prestigious institution, while 29 researchers move 29 times to less esteemed institutions between 1982 and 2005. Figure 6 shows the mean number of publications for the 12 years surrounding a move. We plot the graph for all 67 moves between UK universities as well as separately for 27 cases of upward and 29 cases of downward mobility. We can expect publications to result from research undertaken the previous year. Thus, articles published in the year of the move would still reflect research undertaken at the previous institutions. Job mobility is generally followed by a decrease in publications in the year following the move. This reflects costs of mobility and adjustment, which most likely resulted in a decrease in research efficiency in year t. The number of publications, however, increases from year two on. For downward mobility the rate of publications does not improve but stays largely the same. For upward mobile researchers the number of publications is slightly higher than for other types of mobility already before the year of mobility. The mean number of publications increases further after the move. Hence, academics moving upwards are already performing above average before the move while downward mobile academics have below average performance and are not able to benefit from a job move. The difference between the two becomes even more prominent. The graph is consistent with results found by Alison and Long (1990) , but in contrast to their results the upward mobile group already starts out with higher productivity than the downward mobile group.
In the theoretical part of this paper we have discussed the interaction between the impact of upward and downward mobility on productivity and career progression. We measure career progression as advancement in academic rank from Lecturer to Senior Lecturer/Reader to Professor. Promotion information was only available for 150 academics; we thus had to reduce our sample size. We home institution. However, those that move to be promoted are on average promoted much earlier than their peers. Their average age for first promotion is 34.5 (1.5 years earlier than those that do not move) and the average age for promotion to professor is just 39 (6 years earlier)
Other mobility specifications
Mobility from Business Several authors in the sociology of science have investigated the consequences of mobility between an academic and a business environment, focusing on the problem of adaptation due to different norms and patterns of behaviour, such as a higher level of secrecy required in the business world, which can affect post-mobility productivity (Marcson, 1960; Krohn, 1961; Kornhauser, 1962; Hagstrom, 1965) . The literature has focused on the move from academia to industry without This interpretation, however, could be distorted by the simple fact that in certain scientific fields (such as aerospace engineering) company laboratories are better equipped than the majority of university laboratories. A move from a lower rank university to a company laboratory followed by a return to a university could thus result in an increase in the productivity of researchers consistent with the matching model presented above. Conversely, a move from a less well-equipped laboratory back to academia could decrease the publication record of a researcher as we can assume that the adaptation cost of such a researcher is higher than that of a researcher moving within academia.
We are able to consider mobility from industry to academia and vice versa in our sample. 
Econometric Specification
Mobility is measured as job changes between different academic institutions in the UK. Changes between different universities can be accompanied by a change to a higher or lower ranked university. Our specifications consider job changes of a researcher in a tenured position and aim to measure their impact on individual productivity.
Specification (1) assumes a positive career effect of mobility and models it as an indicator variable.
It aims to analyse post-mobility productivity and includes several lags of our mobility indicator in the analysis. We consider time-windows of 3, and 6 years after job transition:
where Pub it is the number of publications by researcher i in year t, Mob it-k is an indicator for job transition, x it represents other time-varying individual characteristics and w i observed time-invariant characteristics of researcher i. µ i indicates the unobserved individual effect and 1 it the error term. l represents the number of lags used in the specification (3 or 6). Specification (2) considers different mobility characteristics, e.g. upward mobility and downward mobility. (2) where MobilityType it+k indicates the nature of job transitions: i.e. a change to a more esteemedinstitution or a change to a less prestigious institution and is interacted with a variable Promotion it+k that controls for a potential differential effect for moves that are accompanied by a promotion to a higher rank.
We assume the number of publications to have a Poisson distribution and to be overdispersed. To account for overdispersion as well as unobserved heterogeneity among academics we assume a negative-binomial distribution.
We control for individual heterogeneity by specifying the average productivity of the academic before she enters the sample. The pre-sample mean of the dependent variable has been shown to be a consistent estimator of the unobserved individual heterogeneity (Blundell et al., 1995) . Individual heterogeneity mainly corresponds to the intrinsic ability of an academic and her motivation, both factors that are not directly observable but may affect scientific productivity. The average number of publications published before the academic enters the sample (before she arrived in her first position or before 1982) should capture these individual characteristics and can serve as a fixed effect proxy that helps solve the problem of unobserved individual heterogeneity.
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In our sample we assume that we only observe voluntary mobility. The literature suggests that more productive researchers have many more opportunities to change their jobs. Thus, endogeneity arises as a position is only offered to the most productive academics. The fixed effect proxy containing pre-sample data on publications helps to address the problem of endogenity that arises from unobserved heterogeneity across individuals which may explain both, productivity and mobility.
Academics may further move due to lack of opportunities in their home institution and the prospect of promotion in a new institution. Academic promotion is closely related to productivity itself with the most productive individuals being promoted quicker, and senior researchers being offered more opportunities to increase their productivity. It is therefore important to consider promotion and academic rank when measuring the relationship between mobility and productivity. As publications represent research undertaken in the year prior to its publication they may also effect promotion and mobility in t. We will therefore use lags of potentially endogenous explanatory variables like mobility and academic rank to control for some of this contemporaneous endogeneity caused by reverse causality. We further examined this problem by running a SUR estimation (running the mobility and productivity regressions simultaneously). The results, however, showed that the standard errors are independent and that there is no need for a simultaneous equation, i.e the two processes do not happen simultaneously.
Variables
Our primary objective is to measure the effect of job mobility on research productivity in terms of publication numbers controlling for career patterns and mobility to business. The dependent variable in all our specifications is the number of publications in year t (PUB it ).
Mobility is measured as a binary variable that equals one in the year of job transition (MOB i,t-k ). Our main focus is on mobility between universities and we therefore estimate the same model focussing on moves between UK higher education institutions (UNIMOB i,t-k ). Mobility differs in nature and
we therefore use measures for mobility relating to the nature of the transition: (1) Upward Mobility (MOVEUP i,t-k ) defining a move to a university of higher esteem, and (2) Downward mobility (MOVEDOWN i,t-k ) defining a move to a university of lower esteem.
As controls we use the academic's age 14 (AGE it ) to account for potential life-cycle effects (Levin and Stephan, 1991) . Additionally, we consider the gender of the researcher (MALE i ). Further, we control for the academic rank of a researcher. The UK university system requires researchers to fulfil minimum requirements to be considered for promotion. Thus, academics in lower ranks should have more incentives to publish. Professors on the other hand have access to research assistance and funding that may allow higher rates of publications. We hence consider three "ranks" in our analysis: Lecturer or Research Fellow before first promotion (RANK 1 it-1 ), senior position or rank after first promotion (RANK 2 it-1 ), and professorship (RANK 3 it-1 ). Researchers that are employed in industry are not subject to academic promotion. We therefore include a firm dummy that indicates whether a researcher is working in industry (FIRM it-1 ). All indicators are lagged by one period to account for some of the endogeneity caused by reverse causality. To not only account for current employment in a firm but for industry experience we additionally include a variable that indicates whether a researcher currently working in academia has worked in industry before (INDEXP it-1 ). We further consider indicators for postdoctoral research activity (POSTDOC i ). To control for discipline effects we include subject dummies to the regression (DISCIPLINE i ).We also include year fixed effects in all regressions.
To address the issue of industry experience with regard to mobility as discussed above we introduce an additional regression that considers from Industry mobility (INDMOVE i,t-k ) , which measures a transition from industry back into academia. 15 A summary of all variables and their descriptive statistics can be found in Table 1 .
Results
We estimate the model described above as a negative binomial regression. Standard errors are clustered at the individual level and robust to heteroskedasticity and serial correlation. Tables 2, 3, 4 and 5 show the results for 3 and 6-year lags of the different mobility variables respectively. The number of researchers in our dataset is reduced to 147 in column 1 of Table 2 due to missing values in some of the variables and short observation periods for some academics. In column 2 the number of researchers is reduced to 130 due to deeper lags that require a minimum of 7 observation years, hence only considers academics that start their career before 2000. In column three we repeat the regression with three year lags on the reduced sample of 130 academics to control for any potential sample bias. Given changes in the sample, we can only consider robust results those that remain constant across the three specifications. Columns 4 to 6 only consider mobility between UK universities. We exclude all researchers that moved internationally or to industry as they might introduce a potential bias (i.e. they may appear immobile).
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The coefficients for non-mobility variables are consistent across the different mobility measures and lags. We report their results from the first specification in Table 2 , which represents the largest number of observations. We used pre-sample information on publication numbers to proxy for unobserved heterogeneity. The pre-sample proxy is positive and significant. However, we cannot rule out that some unobserved heterogeneity remains.
Several individual factors are associated with productivity. Age is positively correlated with publication numbers, but this effect is not significant. We also included a quadratic term in our regression, which seems to suggest a decrease in productivity over the life-cycle, however, it is not statistically significant. We also do not find a significant gender effect. We find evidence for an increase in publications along academic ranks. Senior academic staff are expected to publish 1.3 (=exp(0.241)) times more than researchers in the reference category RANK 1; professors are expected to publish most. For example, a male junior academic, who has no industry experience, no postdoc and has not been mobile in the last three years, is expected to publish 3.11 publications in an average year (more than one publication less than the sample mean) 17 . A professor with a similar profile publishes 4.01 publications in an average year. This result might partly be driven by the subject areas we are considering, which are largely organised in labs headed by a professor.
We find a negative effect for researchers that worked in industry in the previous year. Their publication rate would be 0.7 times lower than that of a university lecturer or 2 times lower than that of a professor, producing just two publications per year. Further, we find a negative, albeit 16 The results are robust even if we include the whole sample. 17 Margins calculated at the mean age and for balanced data distribution across the four scientific fields. Disciplines with higher levels of publications (chemistry and physics) are more frequent and therefore marginal predictions of the observed data would return larger predicted publication counts (4.49 and 5.86 for lecturers and professors respectively).
insignificant effect for academic researchers that have worked in industry in the past. Past employment in industry hence has a negative impact, if any, on current publication rates.
We further find that a post-doctoral research stay does not improve future publication numbers. In fact a post-doctoral appointment of more than three years has a negative effect and decreases publication rates by a factor of 0.7 to just 2.6 publications per year 18 . Researchers securing an independent position straight after their PhD hence seem to perform better, a result that may be driven by our conceptualisation of post-doctoral, untenured positions as any research only position of less than five years.
Looking at academic disciplines, we see that researchers in Chemistry publish significantly more than their colleagues in other fields (predicted number of 6.02 publications), with Computer Sciences producing least publications (margin of 1.49 publications) 19 .
20
Mobility and quality/reputation of the department
Coefficient estimates show that once controlling for intrinsic ability, age, academic fields and years, mobility has no significant effect on productivity in the short run. Using 6-year lags of mobility in columns 2 and 5 instead of 3-year lags does not change this. However, we can observe a tendency from an initial negative effect towards a positive coefficient in later years, especially for interuniversity mobility.
The mobility effect is conditioned by the nature of job transition in Tables 3 and 4 . Columns 1 to 3
in Table 3 report the results for upward mobility (MOVEUP). They show that upward mobility has a larger positive coefficient from year two onwards than mobility in general. This positive effect turns significant, in later years. We also observe an initial drop in productivity in year one following the move indicating some kind of mobility cost that reduces publications initially but increases them in the medium term.
Columns 4 to 6 of Table 3 report the results for downward mobility (MOVEDOWN). They show that a move to a university of lower rank does indeed decrease the number of publications in the following years. This negative effect does not diminish over the years and also after six years, we 18 Margins calculated as before with balanced data distribution across fields and observed data distribution for academic ranks and years. 19 Margins calculated for male researchers that have been immobile in the past three years, at average age and observed data distribution across academic rank, post-doc experience and industry experience. 20 We include year fixed effects in all regressions. In the UK the Research Assessment Exercises (RAEs), which will be replaced by the Research Excellence Framework (REF) in 2014, have caused stronger pressure on academics to publish more in the years preceding the assessment. We therefore pay particular attention to the effect of the 1995 and 2000 year dummies, the years that marked submission dates for the RAEs and should thus be accompanied by a higher number of publications. We find no significant year effect on publication numbers showing that while the RAE may affect the choice of publication outlet or guide hiring decisions, it has no effect on the number of publications.
still find that the expected number of publications for a researcher that has moved to a university of lower prestige is lower than the expected number of publications for other researchers. The negative effect is only significant for years three and four of our regression, possibly due to the low number of downward moves.
While the positive effect of upward mobility and the negative effect of downward mobility previously observed in the descriptive statistics could not be definitely confirmed in the regression, we find some evidence supporting the validity of our hypotheses.
In Table 4 we introduce an interaction term to take into account the relationships between academic promotion and mobility. We earlier hypnotized that mobility that is accompanied by promotion to a better position will result in an increase in publications also for downward mobility due to better access to resources associated with an increase in rank. The results in columns 1 to 3 show that for upward mobility the positive effect, observed in Table 3 , is indeed driven by researchers that are promoted at the time of the move. While we find a negative insignificant effect for upward mobility in general, the interaction terms are positive significant, indicating that those researchers that move due to promotion opportunities publish significantly more articles than researchers that move without promotion. The effects are not jointly significant (standard t-test for joint significance), as seen in Table 3 , however, in an estimation that only measures the effect of promotion mobility we would see a positive significant effect from year three onwards.
In columns 4 to 6 we report the results for downward mobility and its promotion interaction terms.
The main effect is negative but insignificant, in accordance with results in Table 3 . The interaction terms are also negative, but only significant in years three and six. Thus, while the differential effect of downward mobility with promotion on productivity is not significantly different from downward mobility that is not accompanied by promotion, both indicate a negative effect on publication outcome. Thus, our hypothesis that downward mobility to a better position may enable access to better resources and result in an increase in publication numbers is not confirmed.
Robustness check
It is interesting to further analyse if a move to one of the top 10-percentile science or engineering departments in the UK has a stronger effect on publication rates than upward mobility in general.
The 90-percentile represents a reduced but significant sample of top-universities that stand out from our overall sample. The literature has not identified any relevant hypotheses considering mobility in and out of this top group. One could expect that moving to the top institutions would provide a boost to a researcher's performance; however, top departments can be very challenging places due to intense competition among colleagues that can result in a less productive environment for a researcher coming from a lower ranked institution. For this purpose we classified university departments as belonging to the 90-percentile of departments in its field in the UK in a given year based on our quality weighted productivity measures. Of the 25 institutions that are ranked amongst the top 10 at least once during the observation period, 17 are represented in our sample. In total, 104 researchers work at one of these top departments for at least parts of their career. This represents almost 70% of our sample and shows that the majority of scientists are working at established, excellent departments. However, we observe some mobility to and from this group of topdepartments and 97 researchers (65% of the sample) spend at least parts of their career outside the 90-percentile. We then differentiate between mobility from the top group to a university outside the top-group (19 moves), mobility to a different university in the top group (15 moves) and from a low ranked university to one of the top 10-percentile departments (16 moves). Figure 7 shows the productivity pattern for moves to one of the top 10-percentile departments and moves away from one of these top departments. The graph indicates that productivity is already declining before an anticipated move for researchers that eventually move downwards. Conversely, researchers that go on to a top-university already increase their productivity throughout the years preceding the move.
This graph contradicts results by Alison and Long (1990) , who argued that productivity is mainly driven by department quality, but confirms finding of Oyer (2008) and Chan et al. (2002) that only the most productive researchers are able to move up. Table 5 reports the results for the three mobility groups for lags of 3, 6, and 3 years in a reduced sample respectively. The results show that a move to a top department is associated with a negative effect in the short term (significant in year one) that turns into a positive and significant effect in year six, indicating that there might be some long term benefits to joining a top department. Non-upward mobility shows always negative though insignificant coefficients. Table 6 reports the results for mobility from industry to academia. The regressions include all researchers, also those that were mobile between universities. Researchers that join academia from industry (INDMOVE) publish less than their peers during the first two years after the move. Column 2 shows that that this initial negative effect turns positive in year three. Thus, while industry researchers may suffer some adaptation costs when joining academia, they benefit from their presumably increased human capital acquired during their time in industry and publish more in the medium term.
Inter-sector mobility
Discussion and Conclusions
This article analyses the impact of mobility on researchers' productivity. We address the relationship by developing a theoretical framework based on the job-matching approach for academics and the idea of productivity being driven by capital availability and peer effects. We consider job changes qualifying them in term of upward and downward mobility, career promotion, mobility from business and international mobility.
The empirical analysis is based on the entire careers of a sample of 171 UK academic researchers, spanning from 1957 to 2005. Based on this sample, that should not be biased in relation to mobility, we discovered a very high level of job mobility, two third the researchers changed job at least once and one third twice. In this respect, the UK academic labour market looks much more like the US system rather than other European systems. We analyse the impact of job changes on the post mobility output in 3, and 6 year periods. Contrary to common wisdom, we do not find evidence that mobility per se increases academic performance. Mobility to better departments has a positive but weakly significant impact while downward mobility results in decreasing researchers' productivity.
Mobility associated with promotion tends to result in an increase of productivity as mobility from industry to academia but only after an initial negative effect.
These results should be taken with a certain amount of caution due to the small number of observations used. Though mobility is very widespread in the UK science system it was very difficult to build a complete career dataset for a large sample of researchers which such an analysis would require. Thus we were not able to develop more complex econometric models that could take into account interactions amongst the various determinants. We must also acknowledge that, though
we use a dynamic model lagging possibly endogenous variables, our results may be biased due to the omitted variable and reverse causality problems. As discussed in Section 2, mobility is driven by research performance and opportunities, which create reverse causality that may potentially bias our results. We are currently exploring estimations based on selection and instrumental variable approaches to tackle this potential endogeneity.
Though this study provides only preliminary results for a small sample of UK researchers, we think that we provide interesting new original evidence about mobility that challenges what is commonly accepted in the policy arena, i.e. that mobility is beneficial and should be encouraged. Our results point to a complex interaction between mobility and productivity that only in certain specific circumstances result in a positive impact of the former on the latter. The results suggest the need for much more fine tuned policies for mobility of researchers. At least in terms of the expected impact on productivity, mobility is not always beneficial for individual researchers. Instead, mobility is always associated with a short-term decrease in productivity due to the adjustment costs and only under certain circumstances does it results in an increase in productivity. In this paper we did not aim to assess either the long term impact of mobility or its societal effect. Mobility may not always be good for the individual researcher but it could be positive for the science system as it helps the diffusion of ideas. 
